Compositions of F and G dwarf stars in two groups of thick disc stars are presented. (−0.4, 160, 10.0, 45.8). Abundances for 23 elements obtained from high-resolution spectra are presented for 59 stars in the metal-rich group and 27 stars in the metal-poor group. The run of abundance ratios [X/Fe] versus [Fe/H] for the two groups define a single relation for each element (designated as X) with no intrinsic scatter and without a measurable discontinuity at −0.6 < [Fe/H] < −0.5, the metallicity at which the two groups overlap. The relations [X/Fe] versus [Fe/H] are those determined previously for thick disc stars. It is suggested that these two groups and the thick disc as a whole have a common origin in terms of prior chemical evolution.
I N T RO D U C T I O N
The structure of the Galaxy is fascinatingly complex and far from being thoroughly understood. In broad terms, the structure is resolved into several components which are generally labelled the halo, the bulge, the thin disc and the thick disc with further resolution attempted for several of these components, as in the inner and the outer halo. (However, see Bovy, Rix & Hogg (2012) whose work with SEGUE data show that the Milky Way has a continuous and monotonic distribution of disc thickness, and conclude that there is no thick disc at all.)
In this paper, we explore a proposal by Schuster et al. (2006, hereafter S06) , based on their analysis of local F and G main sequence and turn-off stars, that the thick disc is comprised of two groups. The thick disc was first identified by Gilmore & Reid (1983) who fit two components -a thin and a thick disc -to the space densities when investigating star counts towards the Galactic south pole. In contrast to the thin disc with a scale height of about 300 pc, the thick disc has a scale height of around 1450 pc. The ratio of thin to thick disc stars decreases with height above the Galactic plane with the thick disc contribution comprising just about 5 per cent in the plane. Thick and thin disc stars may be distinguished by several observable parameters. Kinematically, the two components differ in their velocity distributions: for example, thick disc stars have a lower rotational velocity about the Galactic Centre by about 50 km s −1 . There are also clear differences in terms of age and chemical composition: thick disc stars are older and, on average, more metal-poor than their thin disc counterparts. Thick disc stars have larger α-enhancement than thin disc stars with the E-mail: laura@astro.as.utexas.edu (LMS); dll@astro.as.utexas.edu (DLL) same iron abundance (Bensby, Feltzing & Lundström 2003; Reddy et al. 2003, hereafter R03; Bensby et al. 2005; Reddy et al. 2006, hereafter R06) .
A suite of observable parameters -kinematics, composition and age -are grist to theoreticians' mills as they reconstruct the origin and evolution of the Galaxy. In particular, they test the various proposed origins for the thin and thick discs. The greater the resolution in the key observables, the greater the challenge posed to all interpreters and the greater the optimism that the correct interpretation will be uncovered. In this regard, one notes that S06, in their extensive presentation and discussion of uvby − β photometry of high-velocity metal-poor main sequence and turn-off stars, suggested that the thick disc appears to consist of 'two probable components' or groups whose mean characteristics are ([Fe/H] , V(rot), Age, σ W ) (−0.7 dex, 120 km s −1 , 12.5 Gyr, 62.0 km s −1 ) and (−0.4, 160, 10.0, 45.8), where V(rot) is the velocity about the centre of the Galaxy, and W is the velocity perpendicular to the Galactic plane corrected for the solar motion. The former group of older more metal-poor stars is here denoted as the old, metal-poor (OMP) group. The latter group of younger more metal-rich stars will be referred to as the young, metal-rich (YMR) group.
Formation of the thick disc is not yet clearly understood. Speculation as to the manner of its formation includes internal collisional heating of the thin disc (Villalabos & Helmi 2008) , one or more merger events with satellite galaxies (Abadi et al. 2003; Villalabos & Helmi 2009 ), a dissipative collapse (Chiappini, Matteucci & Gratton 1997) and radial migration of stars from the thin disc to the thick disc (Schönrich & Binney 2009) . Each scenario offers testable predictions: dissipative collapse models predict abundance and kinematic gradients, while models of minor mergers do not (Villalabos & Helmi 2008) . Collisional heating suggests that the thick disc would be closely related to the thin disc at the time Two groups within the thick disc of the Milky Way? 2119 of the collision in terms of chemical composition and probably kinematics.
The currently favoured model for the thick disc's origin is a merger event of a dwarf satellite galaxy with the Milky Way. In their spectroscopic survey of about 2000 stars, Gilmore, Wyse & Norris (2002) found from the analysis of rotational velocities that the thick disc may be dominated by stars from a disrupted satellite. Parker, Humphreys & Larson (2003) found an asymmetry in star counts within the thick disc and suggested that this was evidence of a merger. Studying stellar populations within the thick disc such as those proposed by S06 may shed light on the dwarf satellite galaxy and, hence, on the merger history of the Milky Way. In particular, determination of chemical compositions for stars in these two thick disc groups, especially a clear demonstration of compositional differences, would provide valuable evidence and insight into the make up of the thick disc.
In Section 2, we describe the original S06 data set for the two thick-disc groups and the observations which form the basis for our extended study. Section 3 discusses the determination of the stellar parameters, the abundance analysis including the selection of atomic data and the abundances with an error analysis. The discussion of the chemical compositions at the end of Section 3 is followed by Section 4 with concluding remarks.
T H E S A M P L E A N D O B S E RVAT I O N S

The sample
W. J. Schuster kindly provided lists of thick disc stars from the S06 uvby − β catalogue that fell into the two probable components of the thick disc. These data were supplemented by the published abundance data from R06. The two thick-disc groups were originally selected using photometric metallicities and a parameter X, introduced by Schuster & Nissen (1993) , which is a linear combination of the Galactic rotational velocity V(rot) and [Fe/H] From the provided lists, stars were selected that were observable from the McDonald Observatory and were brighter than V = 11. Stellar parameters and elemental abundances are presented here for 59 and 27 stars in the YMR and OMP groups, respectively. Newly observed stars are listed in Appendix A, Table A1 , with their stellar parameters. Several stars had been observed and analysed by R03 and R06. These were not reobserved but a selection were reanalysed (see below).
Observations
High-resolution spectra of the sample stars were obtained at the Harlan J. Smith 2.7-m telescope of the W.J. McDonald Observatory, using the Tull echelle coudé spectrograph (Tull et al. 1995) . Spectral coverage at the chosen resolving power of 60 000 was complete from 3500 to 5600Å and substantial but incomplete beyond 5600Å. The echellograms were reduced to one-dimensional spectra using 1 The data were reduced and calibrated using IRAF routines, and equivalent widths, W λ , were measured within the SPLOT routine.
A B U N DA N C E A NA LY S I S
The abundance analysis combines ATLAS9 model atmospheres (Kurucz 1993) with the current version of the stellar line analysis program MOOG (Sneden 1973) . The ATLAS9 models without convective overshoot obtained using interpolation software developed by McWilliam and Ivans (private communication) Table A1 along with the group to which they are assigned.
Our sample includes 20 stars in common with R06 for which we remeasured equivalent widths of iron lines and performed the spectroscopic analysis with the same set of gf values. Comparison of the R06 stellar parameters with those presented in this work shows very good agreement. We find T eff = 43 ± 36 K, log g = 0.1 ± 0.1 and [Fe/H] = 0.07 ± 0.08, where param = param this work − param R06 . The small differences that we find confirm the above estimates of the internal errors.
Checks of the stellar parameters are provided from the uvby − β photometry. Alonso et al. (1996) provided a calibration of (b − y) in terms of T eff using the infrared flux method that gives a mean difference of 78 ± 46 K. An independent estimate of the surface gravity is obtained from stellar isochrones (Yi et al. 2001) Table 1 ). Comparison of their estimates and our spectroscopic determinations gives a mean II/Fe] 0.07 ± 0.01 difference of −0.07 ± 0.13. These checks on the spectroscopically determined stellar parameters confirm our error estimates. Elemental abundances are obtained using the line list employed by R03 and R06 and using their chosen gf values. The line list is given in Table B1 . Hyperfine splitting (HFS) and/or isotopic splitting was considered for the elements Sc, V, Mn, Cu, Co, Ba and Eu. The splitting broadens the lines and conventional analysis of equivalent widths results in erroneous abundances. Abundances were calculated using synthetic spectra fitting to the observed data for lines of each species. Line lists were taken from Kurucz (1998) for all species requiring HFS treatment except Ba and Eu. The line lists for the three Ba lines analysed were taken from Davidson et al. (1992) , and from Lawler et al. (2001) for Eu.
Error analysis
To gain an estimate of the internal errors, the stellar parameters were varied by their uncertainties and these were propagated down to the derivation of abundances. Following the comparisons in the previous section, we adopt the uncertainty on the stellar parameters to be T eff = ±100 K, logg = ±0.2 and [Fe/H] = ±0.2, χ t = ±0.25 km s −1 , and the elemental abundances were recalculated to obtain a final error estimate. In addition to the errors associated with the above uncertainties, one also needs to account for the errors associated with the measurement of equivalent widths. Taking into account continuum placement and line blends an estimate of the errors associated with the equivalent widths would be of the order of ∼2 mÅ.
Six representative stars spanning the metallicity and temperature range of our sample were used to calculate the uncertainties. Each parameter was varied by the errors and uncertainties added in quadrature for each element to give a final standard deviation for each star. Table 1 gives the mean uncertainty for the representative stars for each element.
Comparison with R06
The abundances obtained were compared for those stars in common with R06. The mean differences, given in Table 2 , are all less than 0.07 dex. Given that the differences are so small, the abundance data from R06 were combined with our data set to form a bigger sample.
Stellar abundances
Abundance ratios with respect to iron for all elements are listed in Appendix C, in Tables C1 and C2 In order to aid comparison of the YMR and OMP data sets, the means and standard deviations for a set of metallicity bins (each of width 0.1 dex) are also shown for both groups, shown as large dots or stars with standard deviation bars. Table 3 gives the bin centres and number of stars within each bin. This information is represented graphically in Fig. 2 .
By definition, the YMR and OMP groups share a small overlap with their photometric Table 4 show that the two groups blend smoothly to better than 0.05 dex for all but two elements (Al and Nd). In this bin at the common boundary, as in all bins for the YMR group and also for the OMP group, the standard deviation for each [X/Fe] is that set by the errors of measurement and, thus, if 'cosmic' scatter is present it is smaller than these errors, a result previously shown for thick disc stars in general by R03 and R06. Histogram showing the number of stars in each of the metallicity bins for the two groups, where the black, solid line represents the number within the YMR group, and the blue, dot-dashed line represents the number within the OMR group. This information is also given in Table 3 .
It is to be noted that all abundances are derived assuming the validity of local thermodynamic equilibrium (LTE). Although for several elements, non-LTE calculations are now available for FGK dwarfs, corrections for non-LTE effects are very unlikely to affect our conclusions regarding the similarity of abundances ratios in YMR and OMP groups at their [Fe/H] 
C O N C L U S I O N S
Abundance ratios with respect to iron have been determined for a number of elements for dwarf stars within the two populations of the thick disc identified by S06. This study has found that there is no difference between the YMR and OMP groups beyond their Table 3 . Number of stars in each group in each metallicity bin along with the mean temperature and log g for each group. The width of each metallicity bin is 0.1 dex. This information is given graphically in Fig. 2 metallicities. Moreover, as previously reported by R03, R06 and confirmed here, the cosmic or intrinsic scatter in abundance ratios [X/Fe] at all well-observed [Fe/H] is less than the scatter from errors of measurement. These facts would seem to imply a single simple origin for the thick disc such as disruption of an accreted stellar system or the heating of an old uniform thin disc. Accretion of more than one stellar system, such as two or more dwarf galaxies, is almost certainly excluded because such galaxies -at least now -show a diverse set of abundance patterns for their stars (see, for example, Tolstoy, Hill & Tosi 2009; Kirby et al. 2011) .
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